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Peritoneal dialysis fluid induces change of mononuclear phagocyte
proportions. Peritoneal macrophages from uninfected continuous am-
bulatory peritoneal dialysis (CAPD) patients in general show two
different, endogenous peroxidase activity (PA) patterns: exudate and
negative. This suggests, in accordance with the animal model, that
these macrophages are changed proportionately in CAPD patients. This
chronic change may be caused by mechanical stimulation alone (mas-
sage) or the composition of the dialysis fluid used. Therefore in the rat
model both physiological saline and commercial dialysis fluid were
intraperitoneally (i.p.) administrated. Our results on the PA-pattern of
peritoneal macrophages do indicate that a single i.p. administration of
commercial dialysis fluid induced an acute exudate, especially when
compared with the minor saline effect. These results are confirmed by
the percentage of macrophages positive for a differentiation antigen
recognized by the monoclonal antibody ED2. In addition the percentage
of Fc-receptor positive peritoneal cells is more enhanced after i.p.
injection of dialysis fluid when compared with the saline effect. These
findings strongly suggest that the dialysis fluid used in peritoneal
dialysis patients is the inducer of exudate peritoneal macrophages in
these patients.
In patients with end-stage renal disease undergoing peritoneal
dialysis as renal substitutive therapy, peritoneal infection is the
most frequent complication [1, 21. In peritoneal dialysis pa-
tients, the local defence mechanism might play a key role in the
prevention and recovery of a bacterial peritonitis in which the
phagocytosis and digestion of microorganisms by peritoneal
cells seems to be essential.
The mononuclear phagocyte is the predominant cell type
found in the peritoneal cavity from healthy uninfected animals
such as rodents [3—61 and horses [71. In the peritoneal fluid from
healthy women undergoing laparoscopy [8, 9] and in dialysates
from uninfected patients undergoing peritoneal dialysis [8—Il]
the mononuclear phagocyte is also the predominant cell type.
These observations suggest an important role for the macro-
phage in the prevention of a recurrent bacterial peritonitis.
Extensive morphological and cytochemical studies in the
animal model have shown that peritoneal fluid contains macro-
phages with different patterns of endogenous peroxidatic activ-
ity (PA), and that the relative proportions of the different types
of macrophages vary with the state of inflammatory exudation
[4]. In the animal model peritoneal macrophages can be devided
by their PA pattern in resident (PA in nuclear envelope [NE],
and endoplasmic reticulum [RER]), exudate (PA in primary
lysosomal granules [G]), exudate-resident (PA in NE, RER and
G) and PA-negative macrophages. In a normal, unstimulated
peritoneal cavity, 90% of the macrophages are resident cells.
This study demonstrates that after the induction of an acute
inflammation, by i.p. injection of new born calf serum (NBCS),
exudate and exudate-resident macrophages appeared, while
after the induction of a chronic inflammation, by i.p. injection of
sterile but undigestable paraffin oil, exudate and PA-negative
macrophages appeared [12, l3j.
The kinetics of the different cell types in vivo and in vitro did
indicate that in an acute inflammatory state exudate macro-
phages were induced, which transform into resident macro-
phages via exudate-resident cells. On the other hand in a
chronic inflammatory state the recruited exudate macrophages
lose the myeloperoxidase-containing primary lisosomes very
quickly and so transform into PA-negative macrophages.
Peritoneal macrophages from uninfected CAPD patients
showed in general two different PA patterns: exudate and
negative [9]. This suggests, in accordance with the animal
model, that in CAPD patients the peritoneal cavity is populated
by macrophages which are typical for a state of chronic
inflammation.
In CAPD patients a chronic inflammation might be induced
by mechanical irritation alone or by the composition of the
dialysis fluid used. Therefore in the animal model both physio-
logical saline and dialysis fluid were injected and the develop-
ment of the PA-pattern of peritonal macrophages was followed
in vivo. In addition we determined the percentage of macro-
phages which are recognized by the monoclonal antibody
(MoAb) ED2 [14]. ED2 recognizes a differentiation antigen,
present on about 50% of the resident macrophages, while
exudate macrophages or blood monocytes are negative for ED2
[15]. To investigate the potency of immunophagocytosis by
these macrophages, we determined the percentage of FcR
(important for the mediation of immunophagocytosis) positive
macrophages in the same population of cells.
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Peritoneal cells
Male Wistar/Furth (W/Fu) rats (180 to 200 g) were obtained
from the Central Institute for Breeding of Laboratory Animals
(Zeist, The Netherlands). Peritoneal exudates were induced by
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a single i.p. injection of 10 ml sterile NBCS, which caused an
acute inflammatory exudate [4, 16]. Chronic exudates were
induced by a single i.p. injection of 10 ml paraffin oil [12, 13]. In
addition, the effect of commercial dialysis fluid was examined
by a single i.p. administration of 10 ml dialysis fluid with 3.86%
glucose and 0.79 mmol/liter lactate (Travenol Laboratories Ltd.
Thefford, Norfolk, UK). Control animals received the same
volume of sterile physiological saline (Travenol B. V., Utrecht,
The Netherlands) in the peritoneal cavity. The cells from the
peritoneal cavity were harvested at different time intervals up to
eight days after i.p. administration of the different fluids.
Suspensions of cells were washed from the unstimulated pen-
toneal cavities with tissue culture medium (RPM! 1640 medium)
as previously described [4]. After decapitation, the cells were
aspirated from the peritoneal cavity by i.p. injection of 10 ml
RPM! 1640, whereafter from untreated animals 8 ml of perito-
neal fluid could be withdrawn. A portion of the cells obtained
was fixed immediately for the cytochemical procedure. An
other part of the cell suspension was examined for the presence
of FcR, and an additional sample was used for cytospin
centrifuge preparations for immunocytochemistry.
All peritoneal cell samples obtained were counted in Bürker
chambers, and viability was determined by trypan blue exclu-
sion. Differential cell counts were made from cytocentrifuge
preparations stained with May-GrUnwald Giemsa, and a mini-
mum of 200 cells were counted.
Cytochemical procedures
The PA pattern of peritoneal macrophages was demonstrated
exactly as described before [4, 9]. Cells were fixed for five
minutes in 1% glutaraldehyde, washed three times in 0.1 M Na
cacodylate (pH 7.4), put into an eppendorf tube, and reacted for
PA in 0.1% 3,3-diaminobenzidinetetrahydrochloride (DAB).
Preincubation and incubation with 0.01% H202 was done for
one hour protected from light at 20°C. Additionally the cells
were washed, postfixed in 0s04, dehydrated and embedded in
Epon. All electronmicroscopical data were derived from the
examination of 100 to 200 cells. In control preparations in which
H202 was omitted from the incubation medium during the
incubation, no reaction product could be detected.
Detection of Fc receptors
Sheep erythrocytes (E) were sensitized with dilutions of
hyperimmune anti-E antiserum prepared in W/Fu rats by stan-
dard methods [17]. Twenty-five d of washed packed erythro-
cytes were resuspended in 1.0 ml of antiserum diluted in
phosphate buffered saline (PBS), pH 7.4, containing 0.1%
bovine serum albumine (BSA). After 30 minutes at 37°C, the
indicator cells [EA(IgG)] were washed and diluted to a 0.1%
suspension in RPM! 1640 medium containing IgG free fetal calf
serum (Gibco Blo-Cult, Irvine, UK; aRPMI). Peritoneal cells
were adjusted to a concentration of l06/ml. Two hundred d of
the peritoneal cell suspension was assayed for FcR activity by
adding 200 d of sensitized EA(IgG) suspension (106 cells/mI).
After one hour of incubation at 4°C any cell with three or more
EA(IgG) was scored as a FcR positive cell.
Immunocytochemistry
Macrophages bearing antigens, which are recognized by the
MoAbs ED1, ED2 and ED3 [14], were detected by an immu-
noperoxidase procedure on cytospin centrifuge preparations
using standard procedures [15]. Cytospin centrifuge prepara-
tions were fixed in aceton, incubated for 60 minutes in diluted
ascites fluid from Dr. C.D. Dijkstra (Department of Cell Biol-
ogy, Faculty of Medicine, Free University, Amsterdam, The
Netherlands), washed, incubated with rabbit anti-mouse IgG
horseradish peroxidase diluted in PBS with 0.2% bovine serum
albumin (BSA) and 1% normal rat serum for 60 minutes, and
stained for peroxidase in DAB and H202. A minimum of 200
cells was examined for the presence of the different antigens.
Statistical analysis
Statistical analysis was performed using the t-test for paired
observations. Data derived from the same experiment were
paired.
Results
Intraperitoneal volume and cellular composition
After i.p. administration of dialysis fluid the i.p. volume first
increased, which was caused by the high osmolarity of the fluid,
and then 16 hours later the fluid was completely resorbed. After
i.p. administration of physiological saline the i.p. fluid slowly
decreased from the beginning and was also completely resorbed
after 16 hours. The cell suspensions obtained from the unstim-
ulated peritoneal cavity contained chiefly macrophages (70%)
and eosinophilic granulocytes (20%) with only a small propor-
tion of mast cells (6%) and lymphocytes (1 to 2%). The exudates
contained macrophages (20 to 70%), neutrophils (0 to 75%) and
eosiniphils (5 to 20%), and a small percentage of mast cells and
lymphocytes.
After injection of dialysis fluid the number of macrophages
(Fig. 1) and neutrophilic granulocytes (Fig. 2) showed a dra-
matic increase reaching a maximum after one day, whereas
saline had only a minor effect.
Cytochemistry of peritoneal macrophages
In the normal steady-state rat the peritoneal cavity contained
mainly resident macrophages with PA in the NE and RER
(80%; Fig. 3C). After i.p. administration of NBCS, or paraffin
oil, four types of macrophages were found: resident macro-
phages with PA only in the RER and NE (Fig. 3C), exudate
macrophages with PA only in the G (Fig. 3A), exudate-resident
macrophages with PA both in the G and in the RER and NE
(Fig. 3B), and PA-negative macrophages, which did not show
any PA reaction product (Fig. 3D).
The kinetics of the different types of macrophages during an
acute inflammatory state induced with NBCS (Fig. 4A) clearly
showed that the maximum of exudate-resident cells coincided
with the sharp decrease in the number of exudate cells and the
rapid increase in the number of resident cells, which indicated
that exudate-resident macrophages were indeed a transitional
form between exudate and resident macrophages, as earlier
described by Beelen et al (Fig. 4A).
The kinetics of the four types of macrophages during chronic
inflammation induced by a single i.p. injection of paraffin oil
(Fig. 4B) suggest a constant influx of monocyte-derived exudate
macrophages due to the chronic irritation of the undigestable
paraffin oil. Most of these exudate macrophages phagocytose
oil, lose the PA in their primary lysosomes and become PA-
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Fig. 2. Changes in the total numbers of neutrophils in peritoneal
exudates during the first 8 days after a single i.p. injection of JO ml
commercial dialysis fluid (—•—) or 10 ml physiological saline (—0—).
Each point represents the mean of 3 to 6 animals s. After 16 and 24
hr (*), the total amount of neutrophils was significantly higher after
injection of dialysis fluid when compared with the saline effect (P < 0.04
and P < 0.05, respectively; t-test for paired observations).
negative. Only small percentages of exudate macrophages
acquire PA in the NE and RER and so become resident
macrophages via the transitional stage of exudate-resident
macrophages [5] (Fig. 4B).
The administration of dialysis fluid resulted in an acute
change in proportion of macrophages comparable with that of
NBCS, however with a slightly less pronounced and persistant
effect, as shown in Figure 5A. The number of exudate macro-
phages rose sharply, peaked after 24 hours and then decreased,
returning to the normal level after eight days. The i.p. admin-
istration of saline had only a minor effect (Fig. 5B). A maximum
number of exudate macrophages was found after 16 hours,
whereafter the number decreased and returned to the normal
level after eight days (Fig. SB).
Immunocytochemistry: Expression of EDJ, ED2 and ED3
As earlier described, membrane antigens recognized by ED1
are expressed by all types of rat peritoneal macrophages
(exudate, exudate-resident, resident and PA negative), while
antigens recognized by ED2 are mainly present on 50% of the
resident macrophages, whereas ED3 recognizes antigens which
8 are hardly present at all [15].As expected at any time interval after i.p. administration of
dialysis fluid or saline, 100% of the macrophages were positive
for ED! and 0% were positive for ED3 [151. However, the
percentage of macrophages positive for ED2 was 50% at the
start and strongly decreased after i.p. injection of dialysis fluid,
with a minimum after two days, and returned to the normal
level after eight days (Fig. 6). Therefore the relative numbers of
ED2 positive macrophages paralleled those of the relative
numbers of macrophages with the PA pattern of resident
macrophages. Injection of saline effected only a slight decrease
of ED2 positive cells, with a minimum after 24 hours, which
rapidly returned to the normal level after two days (Fig. 6).
The detection of Fc receptors
Steady state and elicited macrophages contained a high
proportion of FcR positive cells (80%), particularly when
assayed with E sensitized at near agglutinating concentrations
of antibody. This is in agreement with our previous results [171.
Steady state macrophages are less active then changed macro-
phages in binding EA(IgG) prepared with lower concentrations
of antibody [171. Therefore in the time course after injection of
dialysis fluid or saline we used EA(IgG) prepared with lower
concentrations of antibody.
After injection of dialysis fluid a dramatic increase of FcR
positive cells was found, with a maximum after 16 hours and a
return to a normal level after four days (Fig. 7). The injection of
saline only showed a minor effect especially when compared
with dialysis fluid, which confirms our previous results.
Discussion
Sixteen hours after i.p. injection of dialysis fluid or saline, the
added liquid was completely resorbed by the animal, which is
comparable with the results of Nolph et al [18]. Just after the
disappearance of the extra i.p. volume an increase of peritoneal
cells was found (Figs. 1, 2). One day after i.p. injection of
commercial dialysis fluid the enhancement of the number of
macrophages and neutrophils and the increase of the percentage
of exudate macrophages was significantly higher than after i.p.
injection of physiological saline. These results paralleled the
increased percentage of immature macrophages as determined
by immunocytochemistry (with MoAb ED2; Fig. 6) and the
enhancement of the percentage of FcR positive cells (Fig. 7).
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Fig. 1. Changes in the total numbers of macrophages in peritoneal
exudates during the first 8 days after a single i.p. injection of 10 ml
commercial dialysis fluid (—I—) or JO ml of physiological saline
(—0—), Each point represents the mean of 3 to 6 animals SE. After
I day the total amount of peritoneal macrophages after injection of
dialysis fluid (*) was significantly higher than after injection of saline (P
<0.03; t-test for paired observations).
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Fig. 3. Four patterns ofperoxidatic activity representing 4 types of macrophages. A. Exudate macrophage with reaction product in cytoplasmatic
granules (0). x9200. B. Exudate-resident macrophage with reaction product in the lysosomal vescicles as well in the nuclear envelope (NE) and
RER (RER). x9200. C. Resident macrophage with reaction product in the nuclear envelope (NE) and RER (RER). x8500. D. Peroxidase negative
macrophage. x 9000.
Both were significantly higher as compared with the saline
effect. Physiological saline did induce a light irritation (Figs. 1,
2, SB, 6 and 7), as also described by others [3], but the effect of
commercial dialysis fluid was much more pronounced.
Different factors in the peritoneal dialysis fluid could induce
the change in proportion of exudate macrophages in the rat.
These factors could be the low pH or high osmolarity, but also
the presence of glucose or lactate, or agents released from
storage bags like small particles or even unknown agents raised
during manufacturing of the fluid. However, the induction of
change in the proportion of exudate peritoneal macrophages
caused by i.p. injection of dialysis fluid could not be due to the
high osmolarity, since one day after injection of dialysis fluid
with a low concentration of glucose (1.36%; Travenol) the same
elevated number of peritoneal macrophages, exudate macro-
phages and neutrophils was found (data not shown) as after
injection of dialysis fluid with the high concentration of glucose
(3.86%; Travenol; Figs. 1, 2, 5). Even dialysis fluids from
another company (B. Braun Melsungen A.B., Melsugen, FRG)
showed the same effect (data not shown). On the other hand
injection with a gelatin solution as osmotic agent showed an
even more pronounced change than the different commercial
dialysis fluids. Therefore not the high osmolarity, but other
factors in the dialysis fluid could cause the acute i.p. inflamma-
tory state in the rat. By using acetate containing dialysis fluids
in peritoneal dialysis patients it takes two to three times longer
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before an i.p. pH of 7 is reached [19]. For that reason,
replacement of acetate containing dialysis fluids by lactate
containing fluids may result in an even more pronounced
change in the proportion of exudate macrophages. The effect of
the pH and particles released from storage bags in the induction
of a profound peritoneal macrophage change is presently under
study.
Since commercial dialysis fluid affects the function of periphe-
ral blood leukocytes in vitro [20], the dialysis fluid might affect
peritoneal macrophages in vivo to release different factors, like
interleukin 1 (IL-i), which can induce the immigration of
inflammatory macrophages. However we could not detect IL-i
(detection level 1 U [LAF]/ml determined by a thymocyte
proliferation assay) in peritoneal effluents from CAPD patients.
Since a single i.p. injection of commercial dialysis fluids
induced a change in a population of exudate macrophages,
frequent i.p. injection might induce a chronic change like the
effect of i.p. administration of paraffin oil, which effects the
presence of about 45% exudate and 45% PA-negative macro-
phages (Fig. 4). Therefore, continuous peritoneal dialysis per-
formed in rats with commercial dialysis fluids might induce the
chronic alteration in macrophage proportions which is present
in CAPD patients [91.
The clinical significance of the changed population of perito-
neal macrophages in CAPD patients, which may be induced by
the composition of the dialysis fluid used, is not known. One
may claim that the aim should be to have a high percentage of
resident macrophages during peritoneal lavage, representing a
physiological population of macrophages in the first line de-
fence. On the other hand, resident macrophages represents an
end stage of a phagocytic cell line, which are less able to bind
opsonized sheep erythrocytes (Fig. 7) and to attack invading
microorganisms [17]. So by developing new dialysis fluids [21],
the local induction of a different population of macrophages
with different immune effector functions has to be taken in
consideration.
In conclusion, a single i.p. injection of dialysis fluid changed
the proportion of exudate macrophages in the animal model,
whereas physiological saline induced only a light irritation,
which coincides very well with our observation in CAPD
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Fig. 4. Percentage of the course of the exudate
(—*—), exudate-resident (—0—), resident (—
•—) and PA-negative macrophage (—0----) in
peritoneal exudates, 0 to 8 days after a single i.p.
4 6 8 injection of 10 ml NBCS (A) or 10 ml paraffin oil(B). Each point represents the mean of 2 to 6
animals.
Fig. S. Percentage of the course of the exudate
(—*—), exudate-resident (—0—-—), resident (—
•—) and PA-negative macrophage (—0—) in
peritoneal exudates, 0 to 8 days after a single i.p.
injection of 10 ml commercial dialysis fluid (A) or
10 ml physiological saline (B). Each point
represents the mean of 2 to 6 animals. After 16 and
24 hr (*) the percentage of exudate macrophages
8 was significantly enhanced after injection of
dialysis fluid when compared with saline effect (P
< 0.05; t-test for paired observations).
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Fig. 6. Percentage of the course of macrophages positive for the
differentiation antigen recognized by the MoAb ED2, 0 to 8 days after
a single i.p. injection of 10 rn/commercial dialysis fluid (—•—) or 10 ml
physiological saline (—0—--). Each point represents the mean of 3 to 6
animals sE. One day after injection of saline (r) the percentage of
ED2 positive macrophages was significantly higher than after injection
of dialysis fluid (P < 0.02; t-test for paired observations).
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Fig. 7. Percentage of the course of macrophages bearing Fc-recep-
tars, 0 to 8 days after a single i.p. injection of 10 ml commercial dialysis
fluid (—•----) or 10 ml physiological saline (—0—). Each point repre-
sents the mean of 3 to 6 animals SE. After 16 and 24 hr () the
percentage of Fc-receptor positive macrophages was significantly en-
hanced after injection with dialysis fluid when compared with saline (P
<0.05 and P < 0.001, respectively; t-test for paired observations).
patients, where we conclude that a local chronic inflammation
exists [9].
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